Abstract
Introduction
The number of elderly people will increase markedly in the near future [1] . Old patients have poorer outcomes after intensive care than younger patients [2, 3] .
Chronological age is not itself a decisive factor for prognosis, but old age is frequently accompanied by frailty, which impairs the capacity to recover from a critical illness [4] [5] [6] [7] [8] [9] .
Previously, many researchers considered patients aged over 65 years to be elderly [10] [11] [12] . Many recent studies have categorised patients aged 80 years or over as 'elderly' [3] , 'very elderly' [13] [14] [15] or 'very old' [9, 16, 17] . In the terminology used by the European Union (EU), 'very old' refers to people aged 80 years and over [18] . In fact, the age of 65 years, which was regarded as 'elderly' in studies of decades past, is near the median age of all the intensive care patients in more recent studies [3, 19] .
Age is included in scoring systems used for predicting the hospital mortality of intensive care patients [20, 21] . In these scoring systems, all patients aged 80 years or older receive equal points based on their age, regardless of their functional status, which can be highly variable [9, 19] . A recent study demonstrated that the pre-admission functional status alone predicts long-term mortality better than the Acute Physiology and Chronic Health Evaluation (APACHE) IV score [19] .
The aim of this study was to explore to what extent the premorbid functional status (PFS) predicts the 1-year mortality of very old intensive care patients (those aged over 80 years). We hypothesised that a poor PFS would be associated with a poor 1-year outcome.
Methods
The Research Ethics Committee of the Northern Savo Hospital District approved the protocol of this observational cohort study (225/13.02.00/2016). Authorisation for the research was obtained from the National Institute for Health and Welfare (THL/1585/5.05.00/2016).
We defined patients aged 80 years and over as 'very old' , in accordance with recent literature [9, 16, 17] and the EU definition [18] . We retrieved data on patients who had been treated in Finnish intensive care units (ICUs) during the period from May 2012 to April 2013, using the Finnish Intensive Care Consortium's (FICC's) database. The FICC database includes information on admissions to all general ICUs [22] .
We gathered data on the age, gender, length of stay in the ICU, type of ICU admission (scheduled surgical, emergency surgical or medical), diagnosis and PFS of the patients. On the basis of the primary diagnosis that necessitated intensive care, we classified the patients into ten categories: cardiac or vascular surgery, gastrointestinal surgery, neurological or neurosurgical diseases, trauma, other surgery, cardiovascular diseases, respiratory diseases, metabolic disturbances, intoxication and miscellaneous. We measured the severity of the illness using the Simplified Acute Physiology Score II (SAPS II) [21] and the presence and severity of organ dysfunctions during the first 24 h using the Sequential Organ Failure Assessment (SOFA) [23, 24] . We assessed the treatment intensity with the Therapeutic Intervention Scoring System (TISS) [25] .
The patients' premorbid capacity is routinely recorded in the FICC database using the WHO/ECOG performance status classification [26] . We used these data to assess independence in activities of daily living (ADL). Since May 2012, FICC data collection has included more detailed information about the PFS of patients older than 80 years. Their functional status, based on five physical activities (getting out of bed, moving indoors, dressing themselves, climbing stairs and walking 400 m) is documented. For each of these activities, data concerning whether or not the patient has been able to manage without assistance are recorded. Additionally, their accommodation type (lives at home or in institutional care) is documented. PFS is assessed preferably on admission, but in all cases during the ICU stay. The information is obtained by interviewing the patient or his/her next of kin. If the patient is unable to answer the questions because of his/her critical condition, the family are interviewed as soon as they visit the ICU or are in telephone contact with the ICU staff. The functional status 1 year after ICU treatment is assessed using a questionnaire that is sent to the patient.
We determined the discriminative ability of each of the five physical activities to be a prognostic factor, using vital status 1 year after ICU admission as the endpoint. The ability to climb stairs turned out to have the best predictive ability (Supplementary Table S1 ). Thus, we classified a person who is independent in ADL and able to climb stairs without assistance as one with a good PFS. Conversely, a person who is either dependent on assistance for ADL or unable to climb stairs without assistance was classified as having a poor PFS.
We also created a 'functional status score' that calculates the total number of the five physical activities manageable without assistance. We then compared the PFS score (maximum five points) with the survivors' scores 1 year later.
We used hospital mortality, 1-year mortality and functional status 1 year after intensive care as the primary endpoints. We defined the intensity of treatment and orders to restrict treatment activity as secondary endpoints. We assessed the associations of the PFS with each endpoint.
We conducted our statistical analyses with SPSS version 24 (IBM Corp, Armonk, NY, USA). We used a chisquare test to compare categorical variables, a t test to compare continuous variables with normal distributions and a Mann-Whitney U test for continuous variables with skewed distributions.
Take-home message
In Finnish ICU patients aged 80 years or over, 6 out of 10 were still alive 1 year after ICU admission and 5 out of 10 were alive and had a functional status comparable to the premorbid situation. A poor premorbid functional status (defined as need for assistance in activities of daily living or inability to climb stairs) doubled the odds of death within a year.
We performed univariate logistic regression analyses to assess the association of baseline variables with hospital and 1-year mortalities. The variables that were significant in the univariate analyses (significance criterion for variable exclusion set at p > 0.10) were included in the multivariate regression analysis in order to test their independent association with hospital and 1-year mortalities. Because of interaction between the admission type and diagnostic categories, we included only the admission type in the multivariate analyses. A multivariate regression analysis was first performed without parameters reflecting the PFS, following which these parameters were added to the analysis one at a time. We present the results as odds ratios (OR) with 95% confidence intervals (CI).
We calculated the predicted probabilities of hospital mortality and 1-year mortality with two prognostic models. First, we created a model with the following predictor variables: age, gender, admission type and SAPS II score without admission type points. Second, we added the PFS. To evaluate whether adding PFS data to the prognostic model improved its predictive ability, we assessed the area under the receiver operating characteristic curve (AUROC) for each model. We tested the statistical significance of the difference between the AUROC values with R statistical software using the roc.test function in the ROC package with the paired samples option and the bootstrap method. p values less than 0.05 were considered statistically significant.
Results
During the 1-year study period (May 2012-April 2013), there were 17,451 admissions of patients aged 15 years or older to 25 Finnish ICUs. We excluded readmissions (1062, 6.1%), leaving 16,389 patients, of whom 1827 (11.1%) were very old (≥ 80 years). Data on the 1-year vital status were available for 1791 (98%) very old patients. The baseline characteristics of the study population are presented in Table 1 . The characteristics of the very old patients, stratified according to mortality outcomes, are presented in Table 2 .
The results of the univariate and multivariate analyses are presented in Table 3 . The baseline characteristics are presented separately for scheduled patients and for emergency surgical and emergency medical patients in the Supplementary Table S3 , and outcome data for the emergency patients are presented in Supplementary Tables S4  and S5 . A poor PFS predicted an increased risk for inhospital death (adjusted OR 1.50, 95% CI 1.07-2.10). Its independent association with 1-year mortality was even stronger (adjusted OR 2.18, 95% CI 1.67-2.85).
PFS was poor for 43.3% of the very old patients. Hospital mortality was 13.7% (107/779) for the patients with a good PFS, but 23.5% (140/595) for those with a poor PFS (p < 0.001). The 1-year mortality was 25.5% (199/779) for patients with a good PFS and 47.1% (280/595) for those with a poor PFS (p < 0.001). The hospital and 1-year mortalities for very old patients with good and for those with poor PFS, stratified by admission type, are presented in Fig. 1 . A poor PFS was associated with an increased risk of death within 1 year among medical patients (adjusted OR 1.82, 95% CI 1.30-2.54) and an even greater risk increase in surgical patients (adjusted OR 3.55, 95% CI 2.31-5.45). Adding data on the PFS did not result in a statistically significant improvement in the discriminative ability to predict hospital mortality [ Orders to restrict treatment intensity (including orders to withhold treatments or withdraw ongoing treatments) were documented for 3.0% of scheduled surgical, 25.4% of emergency surgical and 33.0% of medical admissions. Treatment restrictions were set for 32.3% (192/595) of patients with a poor PFS, as compared to 13.5% (105/779) of those with a good PFS (p < 0.001). In multivariate analysis (Table S2) , a poor PFS predicted treatment restrictions (adjusted OR 2.18, 95% CI 1.60-2.97). Hospital mortality was 55.6% (233/419) for patients with treatment restrictions and 10.8% (148/1372) for those For 1-year survivors (n = 1107), data on the PFS was available for 903 (81.6%), data on functional status at 1 year for 822 (74.3%) and data on both of these for 676 (61.1%) patients. The PFS score was at least 4 out of 5 in 84.4%, and the score was at least 4 out of 5 in 79.6% 1 year after intensive care. The functional status score at 1 year after intensive care was the same or better than the premorbid score for 77.8% of the survivors in the overall Tables S6-8) .
Of all the 1-year survivors, 84.2% lived at home 1 year after ICU admission, and 88.3% of the survivors who had lived at home before the ICU admission were still living at home.
Discussion
In this nationwide, multicentre, observational registry study on 1827 very old ICU patients (those aged 80 years or over), 79% of the patients were discharged alive from the hospital, and 62% were alive 1 year after ICU admission. Of 1-year survivors, 78% had a functional status comparable to the premorbid situation, and 84% of them lived at home 1 year after ICU admission. A key finding of our study is that the PFS was independently associated with 1-year mortality in very old patients. A poor PFS doubled the odds of death within 1 year. This association was particularly strong for surgical patients; the odds of death within a year were 3.5-fold higher for surgical patients with a poor PFS than for those with a good PFS.
Some previous studies have also found that the preadmission functional status affects the probability of death in critically ill old patients. Heyland et al. [16, 27] Hospital mortality and 1-year mortality, according to the ability to perform physical activities p values refer to comparisons between patients who were able and those who were unable to manage the activity studied very old (≥ 80 years) ICU patients in Canada. They found that a good baseline functional performance was predictive of 1-year survival and better performance. The 1-year survival was 50%, and only about 50% of the survivors recovered to their premorbid level of physical functioning [16, 27] . Only one-third of the survivors who had lived at home before ICU admission returned home [16] . Heyland et al. did not include scheduled surgical admissions and admissions that lasted under 24 h in their study, which may explain the somewhat poorer outcomes than those found in our study.
The number of scheduled surgical patients was rather high (26.5%) in our study. Most of these patients were admitted after cardiovascular surgery. For emergency patients, hospital mortality was 28%, and 1-year mortality was 48%, which is comparable to the mortality outcomes in the study by Heyland et al. [27] . For the majority of 1-year survivors in our study, regardless of the type of admission, the functional status at 1 year was comparable to that of the premorbid situation.
Krinsley et al. [19] found that the functional status before ICU admission is an independent predictor of hospital mortality. They also noticed that comorbidities, which may be used as indicators of chronic health status, do not necessarily correlate with a patient's functional capacity. Recently, Flaatten et al. [15] studied frailty and outcomes in very old (≥ 80 years) ICU patients. They found that the presence of frailty is independently associated with 30-day mortality with an OR of 1.5. Interestingly, we found that a poor PFS predicted an increased risk for in-hospital death with an adjusted OR of 1.5. Flaatten et al. [15] defined frailty as a value of 5 or higher on the Clinical Frailty Scale (CFS) [28] . CFS values below 5 describe people who are not dependent on help for daily activities, whereas the value 5 describes mild frailty, typically associated with evident slowing of physical activities, and values higher than 5 mean more severe frailty. It is plausible that our simple definition of poor PFS (need for help in ADLs or inability to climb stairs) may be nearly comparable to the definition of frailty used by Flaatten et al.
The relevance of assessing frailty in association with intensive care has received considerable attention recently. In their systematic review, Pugh et al. [29] evaluated the available evidence concerning the feasibility and reliability of frailty assessment in the critically ill. They stated that using conventional frailty assessment tools may be problematic in critical illness. Frailty assessment of critically ill patients often relies on proxies, and the reliability of assessment tools should be evaluated.
We found that a medical reason for ICU admission, as opposed to surgical admission, was a strong risk factor for adverse outcomes. This accords with findings from other studies; elderly patients admitted after surgical treatment, especially scheduled operative care, have better survival rates than those admitted for a medical reason [16, 27] . However, we found that a poor PFS worsened the 1-year prognosis of surgical patients even more strongly than that of medical patients. Among patients with a poor PFS, the 1-year mortality of emergency surgical patients was not remarkably different from that of medical patients.
Living at home was only weakly associated with survival in our study population. This is probably explained by the fact that even people with poor physical health can live at home with the help of their families or outpatient healthcare systems. Thus, although living in institutional care is a known risk factor for a poor long-term outcome [30] , living at home does not necessarily mean a good long-term prognosis.
We tested the prognostic value of different physical activities and, on the basis of these analyses, defined a good PFS as independence in ADL and the ability to climb stairs without assistance. In the multivariate analyses, the abilities to get dressed and to get out of bed were strongly associated with survival. However, there were few patients who were unable to perform these functions. We presume that a majority of patients with limitations in these activities have not been referred or admitted to intensive care.
Currently, no clinical prediction tool exists that is validated specifically for the very old. Commonly used severity-of-disease scoring systems include age [9, 21] . However, the capacity to recover from a critical illness cannot be estimated on the basis of chronological age alone. In our study, each of the five functional status parameters correlated with mortality more strongly than age. Adding information about the PFS to our prediction model significantly improved its predictive ability for 1-year mortality. This result, in addition to the results of other studies [4, 15, 31] , suggests that prediction models could be improved by incorporating factors reflecting physiological age in addition to chronological age.
The results of our study may have clinical implications. We have demonstrated that a simple measure of functional status, the combination of independence in ADL and ability to climb stairs, is a useful indicator of a patient's physiological reserves that affect the ability to recover from a critical illness. Asking simple questions about the PFS gives important information in addition to the physical examination of very old patients. Our study is based on data collected prospectively to a nationwide high-quality database, which means that the study population is well representative of very old general ICU patients.
There are limitations to our study. The study population is prone to selection bias. For example, only 5% of the very old patients were unable to move indoors, only 5% were unable to get out of bed without assistance, and only 9% were unable to dress themselves (Fig. S1) . It is likely that many old patients with a poor functional status, very old age or a do-not-resuscitate order were never referred to or admitted to the ICUs. Therefore, our study population can be assumed to represent the very old who were initially considered to have reasonable chances to recover from their critical illness. Nevertheless, the PFS had a significant impact on the prognosis even in this selected population, which actually strengthens the reasoning that PFS strongly affects the outcome.
In addition to admission policies, decisions to limit treatment intensity in the ICU may have affected our study population and their outcomes. A poor PFS was associated with a lower treatment intensity and with more treatment restrictions. Several other studies have documented more restrictions on life-sustaining treatment modalities in the elderly or very old as compared to younger patients [32, 33] . The treatment intensity for the very old has been previously documented to be lower, and the length of stay shorter, compared to younger patients [2, 33] . However, in our study, the treatment intensity, as measured with TISS points, was actually higher in the very old than in younger patients. The median length of ICU stay was also longer in the very old than in younger patients.
In summary, six out of 10 very old intensive care patients were still alive 1 year after ICU admission, and five out of 10 were alive and had a functional status comparable to the premorbid situation. However, a poor PFS doubled the odds of death within a year, highlighting the importance of information on functional performance. Knowledge of PFS improved significantly the prediction of 1-year mortality.
